Abstract
INTRODUCTION
Failure Mode and Effect Analysis (FMEA) is a widely used engineering technique for identifying and prioritizing potential failure modes in systems, designs, processes and services before they occur, with the intent to eliminate them or minimize the risk associated with them. FMEA is an inductive approach to support risk assessment studies and the principle of FMEA is to identify potential hazards along the focused system and to prioritize the required corrective actions or strategies. When it is used for a criticality analysis, it is referred to failure mode and its effects. It is essential that such an effective analysis must be carried out for improving various mechanical processes so that the demand of the customers can be satisfied on time. Wu et al (2016) conducted a study on Computer Numerical Control (CNC) machine's performance using are Multi-Criteria Group Decision Making (MCGDM) technique based on the Fuzzy VIKOR method. Linguistic variables represented by triangular fuzzy numbers were used to reflect the preferences of decision maker for the criterion importance weights and the performance ratings. After the individual preferences are aggregated or after the separation values are computed, they are then defuzzified. Yang et al (2010) described a new fuzzy FMEA model integrated with fuzzy linguistic scale method for the analysis of a type of CNC lathe. The model proposed a risk space diagram to exhibit the relationship of Severity (S),Occurrence (O) and Detection (D) where the Risk Priority Number (RPN) is calculated by weighted Euclidean Distance formula and centroid defuzzification based on Alpha-level. The results indicated that the fuzzy FMEA used in CNC lathe is a reasonable method corresponding to the manufacturing with a supporting plan for manufacturing. The Failure Mode Effects and Criticality Analysis (FMECA) proposed by Wang et al (2016) do not take opinions of different team members when considering the assignment of criticality. In this paper, improved criticalities (ICR) were calculated and failures of feed systems were prioritized by FMECA based on the failure data of the feed system. It is observed in the results that vibration or oscillations, motion of parts, output failures and inaccurate rehome have more negative impacts on the feed system. A study on the expert judgment of failure mode analysis method, where the possible distribution of the attribute of the judgment were established and the information fusion of the possibility distribution were implemented, was performed by Li et al (2016) using the Comprehensive Analysis Method. The values are assigned to the weights which combines the variation coefficient method and the subjective weighting method. The possibility values of the RPN are calculated on a machining centre and then ranked. Different maintenance strategies for each failure mode of functionally significant item of conventional milling machine are described by Gupta and Mishra (2016) . The study aims at reliability-centered maintenance with fuzzy logic and its comparison with conventional method where Failure Mode and Effect Analysis were introduced integrated with fuzzy linguistic scale method. The results for risk priority number were based on weighted Euclidean distance formula and centroid defuzzification where the criticality ranking was decided, and appropriate maintenance strategies were suggested for each failure mode.
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METHODOLOGY
In the present work, the data related to failures in CNC machines have been collected from GG Valves Industry, Udaipur and analysis of has been performed using conventional FMEA approach. The specification of CNC machines used in GG Valves industry, for the data collection is given in Table 1 . The data of CNC machine failures at the regular interval of time has been collected. The traditional Failure Mode and Effect Analysis (FMEA) approach is a pro-active quality method for evaluating potential failure modes and their causes. It helps in prioritizing the failure modes and recommend corrective measures for the avoidance of catastrophic failures and improvement of the quality of product.
Step 1: Identification of components and associated functions
Step 2: Identification of failure modes
Step 3: Identification of effects of the failure modes (Severity, S): The severity of the failure is estimated using an evaluation scales from 1-10 for machine downtime in hours shown in Table  2 . Step 4: Identification of cause of the failures (Occurrence, O):
The occurrence is based on knowledge of the failure mode and prioritizes for an evaluation scale as 1-10 for Mean Time between Failure (MTBF) in hours shown in Table 3 . Table 4 .
Step 6: Calculate Risk Priority Number (RPN): RPN is the indicator for the determination of proper corrective action on the failure modes. The Severity, Occurrence and Detection are ranking levels resulting in a scale from 1 to 10. After deciding the Severity, Occurrence
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and Detection numbers, the RPN was calculated by multiplying Severity (S), Occurrence (E) and Detection (D) scores. R P N = S × O × D The small value of RPN is always better than the high value of RPN. According to the values of RPN, the failure mode was categorized and then proper remedial action was suggested for the CNC machine's failures with high level of risks. Very remote chance a machinery/design control will detect a potential cause/mechanism and subsequent failure mode.
9
Remote Remote chance a machinery/design control will detect a potential cause/mechanism and subsequent failure mode. 8
Very low
Very low chance a machinery/design control will detect a potential cause/mechanism and subsequent failure mode.
Low
Low chance a machinery/design control will detect a potential cause/mechanism and subsequent failure mode. Machinery control will prevent an imminent failure.
Moderate
Moderate chance a machinery/design control will detect a potential cause/mechanism and subsequent failure mode.
5
Moderately high
Moderately high chance a machinery/design control will detect a potential cause/mechanism and subsequent failure mode.
4
High High chance a machinery/design control will detect a potential cause/mechanism and subsequent failure mode. 3
Very high
Very high chance a machinery/design control will detect a potential cause/mechanism and subsequent failure mode. Machinery controls not necessary.
Almost certain
Design control will almost certainly detect a potential cause/mechanism and subsequent failure mode. Machinery controls not necessary. 
RESULTS AND DISCUSSIONS
For the present work CNC machine failure data were collected th from GG Valves Industry for a period of 1 year (from 11 July, th 2014 till 10 August, 2015). A number of failure modes were obtained and their failure frequencies were calculated. It can be seen that failures in some of the failure modes occur repeatedly during a year while some of the failure modes are rare. The failure mode with lower frequency has lesser effect on the production process as compared to the failure modes with higher frequency. The failures of which frequencies were more than 20% of the highest frequency were considered as major failures shown in Fig. 1 and rest were ignored considering these as minor failure. 
Fig. 1 Frequency of major failure modes
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The downtime of failure modes were obtained from the company database which are shown in Table 5 . The Mean Time Between Failure (MTBF) was calculated from the obtained data and are shown in Fig. 2 . Finally, S, O and D values are calculated using Table 2, Table 3 and Table 4 respectively and FMEA worksheet was developed which is shown in Table 6 . Oil leaks from cylinder 3-3.5
From Table 6 , it can be seen that the 'play-in coupling' failure mode of turret head has machine downtime of 11-12 hours, so severity ranking was given 9; MTBF was calculated 1542
hours, so occurrence ranking was 5; and the failure was detected moderately high, so ranking was 5. The calculated RPN value is 225. This value is the highest RPN of all the machine failures.
Fig. 2: Mean Time Between Failure (MTBF) of failure modes
The 'alignment disorder' failure mode of turret head has machine downtime of 13-14 hours, so severity ranking was given 9; MTBF was calculated 778 hours, so occurrence ranking was 6; and the failure was detected moderately high so ranking was 4. The calculated RPN value is 216. This value is the second highest RPN of all the machine failures.'Improper work of coolant pump' has machine downtime of 2-3 hours, so severity ranking was given 7; Mean Time Between Failure was calculated as 1848 hours, so occurrence ranking was 5; and the failure was detected moderately high, so ranking was 4. The calculated RPN value is 140. This value is the third highest RPN of all the machine failures. For the individual failures, industry can monitor and control these failures according to Risk Priority Number to reduce the amount of failure in the machine components. With prioritized risks, the resources in maintenance can be optimally utilized and the schedules for preventive maintenance can be planned effectively to reduce accidents and damages to parts and components. This work would help the concerned industry and the related industries which rely majorly on the CNC machines for their manufacturing process. The ranking can be used for the decision making managers, arranging the inspection and maintenance of the equipment properly, which can optimize the maintenance resources and avoid the risk. Table 7 presents a guide for the maintenance of the CNC Lathe. There is no maintenance schedule available at GG Valves Pvt. Ltd., Udaipur for maintaining the CNC machines. Therefore, maintenance schedule for the effective and efficient operation of the CNC machines are proposed. It is advised that this maintenance schedule is attached in the front cover of the machine LOG BOOK so that it may refer to each time the machine is operated. Based on the study, it is recommended that the machines must be maintained annually or on completion of 2000 hours by replacing rotary gear oil, fan filters on electrical cabinet, way oil filter and air regulator filter. With the failure modes analysis, the ranking can be developed to be used by the decision making managers for arranging the inspection and maintenance of the equipment properly. Optimization of maintenance resources can also be done to avoid the risk.
Fig.3: Cause having highest Risk Priority Numbers (RPN)
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RECOMMENDED MAINTENANCE SCHEDULE FOR CNC LATHE MACHINE
CONCLUSION
The aim of present work is to synthesize the multidisciplinary nature of CNC machine failures from a performance perspective and highlight some of the more important aspects. The method was presented for calculating Risk Priority Number based on FMEA, which can be used to prioritize failure modes of CNC machines. The principal approach that has been proposed throughout this work is to increase production rate performance through the prioritization of the failures occurring in CNC machines.
Recommended Actions
For the individual failures, industry needs to work on the certain step that can reduce the amount of failure in machine components. The steps are: a) Play-in coupling failure mode is the part of turret head and is given the highest priority and it plays an important role in the May 2017 CNC machine. So, to avoid abrupt accident, bearings of high quality should be used along with the periodic maintenance schedule. b) Failure mode of hydraulic system can be checked by proper monitoring of hydraulic chamber, supplying cleaned and filtered hydraulic oil and periodic maintenance of chamber. c) The alignment disorder of turret head can be improvised by providing less defective casting pieces. All casting pieces should be tested through Ultra-sonic process which avoids abrupt accidents.
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